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FOAMING SOLUBLE COFFEE POWDER 
CONTAINING PRESSURIZED GAS 

FIELD OF THE INVENTION 

0001. The present invention relates to an instant dry 
beverage composition, and more particularly, to a compo 
Sition which upon reconstitution provides a beverage having 
a foam on its Surface. 

BACKGROUND OF THE INVENTION 

0002 Coffee extract is brewed by contacting the roasted 
or ground coffee with boiling or near-boiling water for a 
predetermined brewing time. The extract, including the 
Solutes, is then Separated from the insolubles to obtain the 
resulting beverage which is promptly consumed. However, 
in this day and age where there is a significant trend towards 
convenience foods, the use of instant coffeeS is preferred by 
a Segment of coffee consumers. 
0.003 Instant coffee is basically the dried water-extract of 
roasted, ground coffee. The beans used to make instant 
coffee are blended, roasted and ground as they are in the 
making of regular coffee. In order to make instant coffee, the 
roasted, ground coffee is then charged into columns called 
percolators through which hot water is pumped, resulting in 
a concentrated coffee extract. The extract is then dried, 
usually by either spray drying or freeze drying, to produce 
the final coffee powder which is sold to the consumer. Upon 
the addition of hot water to the dried coffee powder, coffee 
is obtained without the need to go through the usual and 
more complicated brewing Steps. 

0004 As is explained in Canadian Patent No. 670,794 (to 
Standard Brands Incorporated), spray-dried instant coffee 
consists of hollow Spheres or aggregates thereof which form 
a fine and persistent foam when hot water is added to the 
coffee powder. This is in contrast to the coarser and more 
quickly Subsiding foam which is formed when a hot water 
extract of ground roasted coffee is poured into a cup. 
Consequently, because typically brewed coffee does not 
have Such a foam, the foam produced by the Spray-dried 
instant coffee is undesirable. Accordingly, many techniques 
have been developed to reduce, alter or eliminate the foam 
ing characteristics of Spray-dried instant coffee. For 
example, in Canadian Patent No. 670,794, a small amount of 
a monoglyceride of a higher fatty acid is incorporated in the 
Spray-dried coffee to change the appearance of the foam 
produced when the coffee is contacted with hot water. The 
new foam has the characteristics of the foam in a cup of 
brewed coffee rather than the more persistent fine foam 
normally associated with Spray-dried instant coffee. 
0005. On the other hand, the production of foam on 
coffee is not always undesirable. In particular, espreSSo 
coffee is a special coffee beverage type that is winning 
increased approval with the consumer. EspreSSO coffee typi 
cally comprises finely milled roasted beans which are 
brewed rapidly with pressurized water/steam which coinci 
dentally results in the formation of in-cup foam. The result 
ing espreSSo beverage provides body and flavor aspects very 
distinct from the normal cup of coffee. EspreSSO is Said to 
have a dark, rich flavor and appearance and is accompanied 
by a head of lighter-colored froth or foam which espresso 
beverage devotees consider crucial. The foam contains col 
loidal oil droplets and Solid particles which give the espreSSo 
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its characteristic texture and mouth feel. It is to be noted that 
the froth or foam characteristic of espreSSO coffee is not at 
all similar to the foam formed from the spray-dried instant 
coffee described above. 

0006 AS would be expected, due to its unique flavor and 
other characteristics, espreSSO coffee is not easily made. In 
order to produce a consistently high-quality espreSSo beV 
erage, the brewing process must be controlled very closely, 
i.e., a very short brewing time, Specific pressures, tempera 
tures, Volumes of water delivered to the ground coffee, the 
need for precise adjustments, etc. Consequently, espreSSo 
brewing machines are relatively complicated, large and 
expensive and require a certain amount of skill to operate. 
Accordingly, it would be preferable to find an alternative 
method for providing an espreSSO beverage, one which is 
Simpler and easier to employ. 
0007 Although the flavor of espresso coffee may be 
mimicked by the use of dark roast Arabicas and extraction 
processing conditions, the foaming characteristics of 
espreSSO are not easily replicated as the foaming of roasted 
and ground espreSSO is primarily induced by high-pressure 
Steam which is provided by an espreSSO machine. The 
high-pressure Steam provides a Source of Sparging gas, 
which, with the aid of Surface-active Species present in the 
coffee, form foam cells. EspreSSo brewing also results in the 
emulsification of oil into the brew and the foam. The 
resultant foam consists of water, gas, Surface-active Species 
and oil, and has a creamy appearance and texture. 
0008. It is widely accepted that the protein present in 
unroasted coffee beans is not retained in roasted coffee or in 
Soluble coffee powders produced from extracts of roasted 
coffee. Coffee protein is rapidly and Substantially denatured 
and degraded by the high temperatures and chemical reac 
tions that occur during roasting and extracting. See, for 
example, Coffee, Volume 1: Chemistry, R. J. Clarke and R. 
Macrae, Eds., Elsevier Applied Science Publishers, New 
York, 1987, pp. 138-143. As reported in Coffee, Recent 
Developments, R. J. Clarke and O. G. Vitzthum, Eds., 
Blackwell Science Ltd, London, 2001, p. 155, coffee bev 
erages contain “transformed proteic material grouped under 
the broad name of melanoidins. Accordingly, Soluble coffee 
powders, including Soluble espreSSo powders, produced 
from roasted coffee are regarded as being devoid of protein. 
Unlike typical food foams, which are stabilized by proteins 
Such as occur in milk, eggs, wheat, and the like, it is believed 
that carbohydrates, particularly coffee polysaccharides, Sta 
bilize espreSSO foam. AS also reported in Coffee, Recent 
Developments, p. 15, the Stability of espreSSo foams is 
directly related to the concentration of polysaccharide 
present and the foam Stabilizing effect is attributed to 
Viscosity imparted to the extract by galactomannan. 
0009 U.S. Pat. No. 5,882,717 to Panesar et al., incorpo 
rated herein by reference, discloses a method for making a 
Spray-dried instant coffee using a process of foaming a 
coffee extract by gas injection followed by homogenizing 
the foamed coffee extract to reduce gas bubble size and then 
Subsequently spray drying the homogenized extract to pro 
duce a Soluble espreSSO coffee powder having Voids formed 
by gas bubbles. As a result, the resulting entrapped gas 
bubbles at atmospheric pressure are provided by gas dis 
persed in a liquid extract prior to Spray drying. 
0010 U.S. Pat. No. 6,713,113, incorporated herein by 
reference, discloses a powdered Soluble foaming ingredient 
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which has a matrix containing a carbohydrate, a protein and 
entrapped pressurized gas. The gas is released upon addition 
of the dry powder to liquid. 

0011 U.S. patent Publication No. 2003/0026836, incor 
porated herein by reference, discloses a method for forming 
tablets or powders of carbohydrate-based pharmaceuticals 
or foods which includes subjecting tablets or powders which 
comprise a beverage base Such as Soluble coffee, foamed 
powder, Sugar and creamer to pressure and temperature to 
produce a tablet or powder with increased Solubility or 
dispersability on contact with water. In addition, a method is 
disclosed which promotes the dissolution or dispersion of a 
tablet or non-foaming powder by Subjecting the tablet or 
powder to pressurized gas So that gas is entrapped therein to 
promote dissolution or dispersion of the tablet or powder on 
contact with water. Improved dissolution of carbohydrate 
based tablets comprised of Spray-dried coffee and either 
carbohydrate crystalline Sucrose or foamed carbohydrate 
powder and Spray-dried creamer powder containing 
entrapped gas is demonstrated in working examples therein. 
However, U.S. patent Publication No. 2003/0026836 does 
not demonstrate in any working examples of manufacturing 
a foaming Soluble coffee powder or foaming Soluble 
espreSSo powder containing entrapped pressurized gas 
therein. Further, improved dissolution or dispersability of a 
coffee powder, alone or in combination with other ingredi 
ents, containing entrapped gas is not demonstrated in any 
working example therein. 

0012 U.S. Pat. Nos. 4,830,869 and 4,903,585, both to 
Wimmers, et al., incorporated herein by reference, disclose 
a method for making a coffee beverage having a thick layer 
of foamed coffee on its Surface, Similar in appearance to 
cappuccino coffee. A measured amount of Spray-dried 
instant coffee and a Small amount of cold water are com 
bined with Vigorous agitation to form a foamed coffee 
concentrate. Then, hot water is added to make a coffee 
beverage. 

0013 U.S. Pat. No. 4,618,500 to Forquer, incorporated 
herein by reference, discloses a method for preparing a 
brewed espreSSO-type coffee beverage which has a head of 
froth on the surface of the beverage. Relatively dry steam is 
injected into the brewed coffee beverage to produce the 
froth. 

0014 U.S. Pat. No. 3,749,378 to Rhodes, incorporated 
herein by reference, discloses an apparatus for foaming a 
coffee extract. Gas is introduced into the coffee extract and 
the foamed coffee is then Spray-dried to make a Soluble 
coffee product having a low bulk density. 
0.015 Although soluble espresso coffee powders are 
available, there is still a need for a Soluble dry espreSSo 
coffee composition which, upon reconstitution, exhibits a 
foam characteristic desired by true espreSSO connoisseurs. 
For example, prior resulting espreSSO beverages lack Suffi 
cient foam, the foam dissipates too quickly or there is a 
combination of both. Accordingly, an instant dry Soluble 
espreSSO coffee product is desirable which provides foam 
characteristics of a conventionally made espreSSO beverage. 

BRIEF SUMMARY OF THE INVENTION 

0016. The present invention, in one form thereof, is 
directed to providing an instant dry beverage composition 
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comprising a Soluble coffee having internal Voids filled with 
preSSurized gas. In one Specific form, the Soluble coffee 
releases expansive bubbles when reconstituted in water. 
0017. The invention in another form thereof, is directed 
to providing a method of preparing an instant beverage 
comprising a Soluble coffee. The method includes heating 
dried soluble coffee under sufficient pressure thereby forcing 
gas into internal voids of the dried soluble coffee. The heated 
dried coffee powder is cooled and then depressurized result 
ing in a soluble coffee having internal voids filled with 
preSSurized gas. 
0018. These and other objects of the present invention 
will become apparent from the detailed description which 
follows of the preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWING 

0019. There follows a detailed description of preferred 
embodiments of the present invention, to be read together 
with the accompanying drawing, wherein: 
0020. The sole figure is a schematic diagram of the 
process of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0021 Referring now to the drawing, like elements are 
represented by like numerals. 
0022. The present invention is directed to an instant dry 
beverage composition comprising a Soluble coffee having 
internal Voids filled with a pressurized gas. In addition, the 
invention is directed to a process for making Such a Soluble 
instant beverage with improved in-cup foaming character 
istics. A Schematic diagram of the preferred process of the 
present invention is shown in the figure. In the preferred 
process, Spray-dried coffee 12 is placed in a preSSure vessel 
14. The spray-dried coffee 12 can be produced from a liquid 
coffee extract which has been Subject to gas injection, i.e. 
gasification, prior to Spray-drying. Alternatively, the Spray 
dried coffee can be produced by drying a liquid coffee 
extract which has not been Subjected to gasification. The 
Spray-dried coffee can be in the form of either a powder or 
a granular product. 
0023 Pressure vessel 14 is pressurized by nitrogen gas 16 
Supplied to the pressure vessel 14 at a desired preSSure 
regulated by pressure regulator 20. Although this embodi 
ment uses nitrogen gas, any other food grade gas or gas 
mixture could be used, including air, carbon dioxide, and 
nitrous oxide. 

0024. The pressure vessel is then placed in a preheated 
oven or bath or placed into a heating jacket heated by 
circulation of electric current or hot liquid at station 18. The 
dried coffee product is heated at a temperature in the range 
of 20° C. to 150° C. for 1 minute to 300 minutes and 
preferably in the range of 40 C. to 130 C. for 5 minutes to 
200 minutes and more preferably in the range of 60° C. to 
110° C. for 10 minutes to 150 minutes. The pressure of the 
pressure vessel 14 is in the range of 20 psi to 3000 psi and 
preferably within the range of 100 psi to 2000 psi and more 
preferably in the range of 500 psi to 1500 psi. Heating can 
cause the initial pressure delivered to the pressure vessel to 
increase considerably. The maximum pressure reached 
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inside the pressure vessel during heating can be approxi 
mated by multiplying the initial pressure by the ratio of 
heating temperature to initial temperature using Kelvin units 
of temperature. For example, preSSurizing the preSSure ves 
sel to 1000 psi at 25° C. (298 K) and then heating to 100° 
C. (373 K) should increase the pressure inside the pressure 
vessel to approximately 1250 psi. 
0.025. Following heating, the pressurized dried coffee is 
cooled to room temperature by placing the preSSure vessel 
14 in a cooling jacket 24 which is water cooled. Following 
cooling, the pressure vessel 14 is depressurized at Step 26 to 
release the final pressurized soluble coffee product 28. 
0026. The resulting soluble coffee has a bulk density and 
a tap density in the range of 0.1 g/cc to 0.7 g/cc, typically 0.2 
g/cc to 0.6 g/cc, a skeletal density in the range of 0.3 g/cc to 
1.4 g/cc, typically 0.5 g/cc to 1.3 g/cc, an internal Void 
volume in the range of 5% to 80%, typically 10% to 65%, 
and contains preSSurized gas in the range of 20 psi to 3000 
psi, typically 100 psi to 2000 psi, and more typically 
300-1500 psi. The soluble coffee containing entrapped pres 
Surized gas generally has particle size between about 1 to 
5000 microns, typically between about 5 to 2000 microns, 
and more typically between about 10 to 1000 microns. 
0027. The method of this invention can be applied to a 
variety of Soluble coffees, including Spray-dried, gas-in 
jected Spray-dried, gas-injected extruded, freeze-dried, and 
the like, as demonstrated in the examples provided herein. 
Application of this method to spray-dried coffee is preferred. 
0028 Bulk density (g/cc) is determined by measuring the 
Volume (cc) that a given weight (g) of Soluble coffee 
occupies when poured through a funnel into a graduated 
cylinder. Tap density (g/cc) is determined by pouring Soluble 
coffee into a graduated cylinder, Vibrating the cylinder until 
the coffee product Settles to its lowest Volume, recording the 
Volume, weighing the product, and dividing weight by 
Volume. Skeletal density (g/cc) is determined by measuring 
the Volume of a weighed amount of Soluble coffee using a 
helium pycnometer (Micromeritics AccuPyc 1330) and 
dividing weight by Volume. Skeletal density is a measure of 
coffee product density that includes the Volume of any voids 
present in individual Soluble coffee particles that are Sealed 
to the atmosphere and excludes the interstitial volume 
between coffee particles and the Volume of any voids present 
in individual Soluble coffee particles that are open to the 
atmosphere. The volume of these sealed voids, referred to 
herein as internal voids, is derived from also measuring the 
skeletal density of the Soluble coffee product after grinding 
with mortar and pestle to remove or expose all internal voids 
to the atmosphere. This type of skeletal density, referred to 
herein as true density (g/cc), is the actual density of only the 
Solid matter comprising the Soluble coffee product. Internal 
void volume (%), the volume percent of internal voids 
contained in the particles comprising the Soluble coffee 
product, is determined by Subtracting the reciprocal true 
density (cc/g) from the reciprocal skeletal density (cc/g) and 
then multiplying by skeletal density (g/cc) and 100%. 
0029. The present process provides for a soluble coffee 
product 28 in accordance with the invention which is 
physically modified, where the modified soluble coffee 
product has internal voids filled with pressurized gas where 
the pressurized gas produces froth when the Soluble coffee 
is reconstituted in water. Specifically, heating a commercial 
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Spray-dried coffee product under high pressure forces gas 
into internal Voids. Conducting heating above the glass 
transition temperature of the Soluble coffee product 
increases the amount of pressurized gas that is forced into 
internal Voids of the then Softened gas-permeable coffee 
Structure. Cooling the heated and pressurized dried coffee 
product prior to depressurizing results in the cooled Soluble 
coffee product retaining pressurized gas in internal Voids. 
When the pressurized soluble coffee product is combined 
with water, the pressurized gas Voids release a large Volume 
of expansive bubbles that rise to the beverage Surface to 
impart froth. 
0030 The glass transition temperature can be measured 
using established Differential Scanning Calorimetry or Ther 
mal Mechanical Analysis techniques. The glass transition 
temperature marks a Secondary phase change characterized 
by transformation of the soluble coffee product from a rigid 
glassy State to a Softened rubbery State. In general, gas 
Solubilities and diffusion rates are higher in materials at 
temperatures above their glass transition temperature. 

0031. The glass transition temperature of soluble coffee is 
typically between 40 C. to 100 C., but can be higher or 
lower depending on the Specific chemical composition and 
moisture level. In general, lower average molecular weight 
and/or higher moisture will lower glass transition tempera 
ture. The glass transition temperature can intentionally be 
raised or lowered by Simply decreasing or increasing, 
respectively, the moisture content of the coffee product using 
any Suitable method known to one skilled in the art. 
0032. When soluble coffee is pressurized at a temperature 
at or above the glass transition temperature, it is common for 
Some of the coffee particles to explode with a loud cracking 
Sound during a brief time after depressurization due to 
bursting of localized regions of the coffee Structure that are 
too weak to retain the pressurized gas. Microscopic exami 
nation of Such coffee product typically reveals a greater 
number of broken hollow spheres than initially present in the 
untreated coffee, which increase the bulk density of the 
powder. The heated product often acquires a darker richer 
appearance that can provide an advantage for instant 
espreSSo products. 

0033. In contrast, when soluble coffee is pressurized at a 
temperature below the glass transition temperature and 
depressurized, it is less common for particles to explode. 
However, it is common for the particles to produce a faint 
popping Sound during a brief time after depressurization. 
Powder appearance and bulk density are typically not Sig 
nificantly altered under these milder conditions, but skeletal 
density and internal Void volume are typically significantly 
altered. 

0034. The present process can be used to produce an 
improved instant espreSSO beverage or to enhance the foam 
ing capacity of instant cappuccino mixeS. A wide range of 
heating times (5 minutes to 150 minutes) and temperatures 
(25 C. to 105 C.) and gas pressures (500 psi to 1300 psi) 
were tested to maximize gas content and foaming capacity. 
0035. The present pressurized coffee product dissolves in 
water to produce a stable froth without use of additives. 
Further, the resulting pressurized powder can be manufac 
tured to have significantly higher bulk density, greater 
foaming capacity, and darker color than low-density foam 



US 2006/0040038A1 

ing coffee products described in the prior art. The preSSur 
ized coffee product can be used as a foaming instant espreSSo 
product or can be blended with other dry food and beverage 
ingredients Such as flavors, Sweeteners, and creamers to 
formulate a wide variety of foaming instant coffee products. 
The pressurized coffee product is particularly Suited for use 
in foaming instant cappuccino or latte type beverage mixes 
that are formulated with a foaming creamer powder com 
position containing protein, Such as foaming creamer com 
positions described in U.S. Pat. No. 4,438,147 and in EP 0 
458310 or in U.S. Pat. No. 6,129,943, as a means to increase 
the Volume of beverage froth produced upon reconstitution 
in liquid. In these and other coffee mix applications, the 
preSSurized coffee product can be combined with or Substi 
tuted for untreated coffee product to beneficially increase 
beverage froth Volume without the need to introduce foreign 
ingredients, Such as chemical carbonation reagents 
described in U.S. Pat. Nos. 5,721,003 and 5,780,092 or 
foaming compositions described in U.S. Pat. No. 6,713,113 
and WO-A-2004/019699, into the coffee mix. 
0036). Unlike U.S. Pat. No. 5,882,717 and U.S. patent 
Publication No. 2003/0026836 which disclose coffee con 
taining entrapped gas bubbles at ambient, i.e., atmospheric 
preSSure, the present Soluble coffee includes internal voids 
filled with pressurized gas. As a result, the present preSSur 
ized gas results in Significantly higher frothing capacity 
when the pressurized gas is released upon reconstitution of 
the Soluble pressurized coffee in water. 
0037. In addition, the following examples are presented 
as illustrative of the claimed invention, and are not deemed 
to be limiting of the scope of the invention, as defined by the 
claims appended hereto, in any manner. 

EXAMPLE 1. 

0.038 5 g of spray-dried soluble coffee powder having a 
glass transition temperature of 51° C. was placed in a 75 cc 
pressure vessel (stainless Steel gas Sampling cylinder; manu 
factured by Whitey Corporation; used in all examples herein 
except Example 8) and pressurized with 1000 psi nitrogen 
gas. The pressure vessel was placed in an oven at 80 C. for 
2.5 hours. The pressure vessel was removed from the oven 
and cooled to room temperate under a stream of cold tap 
water. Subsequently, the cooled pressure vessel was opened 
to release pressure. The resulting powder was darker than 
the original Spray-dried Soluble coffee powder. 
0039. During the first few minutes after the removal of 
the powder from the pressure vessel, a Small fraction of the 
coffee particles exploded with a loud cracking Sound and 
were propelled out of the weighing dish in which they were 
placed. Prior to pressure treatment, the coffee powder had a 
bulk density of 0.21 g/cc, a tap density of 0.27 g/cc, a 
skeletal density of 1.00 g/cc and an internal void volume of 
approximately 32%. After the present treatment, the coffee 
powder had a bulk density of 0.36 g/cc, a tap density of 0.48 
g/cc, a skeletal density of 1.32 g/cc and an internal Void 
volume of approximately 11%. 
004.0 Internal void volumes were calculated relative to 
the 1.47 g/cc true density measured for this soluble coffee 
via helium pycnometry analysis of the powder after grinding 
with mortar and pestle to remove or expose all voids to the 
atmosphere. The use of an equal weight of treated (i.e., 
containing pressurized gas) coffee powder in place of the 
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untreated coffee in an instant cappuccino mix, using a 
weight ratio of approximately one part coffee, two parts 
Sugar, and three parts foaming creamer, produced approxi 
mately 90% greater froth height when 11 g of the cappuc 
cino mix was reconstituted with 130 ml of 88 C. water in 
a 250 ml beaker having 65 mm internal diameter. Only the 
cappuccino mix containing the treated coffee powder made 
a cracking Sound when reconstituted. The instant cappuc 
cino beverages prepared using untreated or treated coffee 
powder had excellent flavor. 
0041 Reconstitution of 1.0 g of treated coffee powder 
with 50 ml of 88 C. water in a 100 ml beaker having 46 mm 
internal diameter produced a dark approximately 30 mm 
high instant espreSSO beverage with desirable light-brown 
froth that covered the beverage Surface to a height of 8 mm. 
Reconstitution of 1.0 g of untreated coffee powder under the 
Same conditions produced a light coffee beverage without a 
continuous covering of froth. Only the treated coffee powder 
made a cracking Sound when reconstituted. The instant 
espreSSo beverages prepared using untreated or treated cof 
fee powder had excellent flavor. 
0042. Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each powder. It was estimated that the untreated 
coffee powder released only about 2.5 cc gas per gram of 
coffee while the treated coffee powder released about 14 cc 
gas per gram of coffee. Evaluation of the same treated coffee 
powder in the same cappuccino mix Several months later 
revealed the enhanced foaming capacity of the treated 
powder did not significantly diminish with the passage of 
time. 

0043 Consideration of the internal void volume of the 
treated coffee powder Suggests that about half the gas 
released by the powder was contained in pressurized internal 
Voids and about half was contained in the Solid matter in a 
dissolved state. It is believed that gas dissolved in the 
Softened gas-permeable coffee matter during heating dif 
fuses into internal voids until pressure equilibrium is 
reached or until the powder is cooled. Therefore, it is to be 
expected that the cooled particles should retain both gas 
entrapped in pressurized internal voids and gas dissolved in 
the Solid coffee matter. This belief was Supported by treating, 
under the same conditions of time, temperature, and preSSure 
described above, a ground soluble coffee powder without 
internal Voids that, after treatment, produced about half the 
incremental froth volume of the treated unground soluble 
coffee powder containing internal voids. 

EXAMPLE 2 

0044 Another 5 g gram sample of the spray-dried soluble 
coffee powder of Example 1 was placed in a 75 cc preSSure 
vessel and pressurized with 1000 psi nitrogen gas at 25 C. 
for 5 minutes. The pressure vessel was opened to release 
preSSure. The resulting powder had the same color, bulk 
density, and appearance as the untreated Spray-dried Soluble 
coffee powder. 
0045. During the first few minutes after the removal of 
the powder from the pressure vessel, a faint popping/ 
cracking Sound was heard but no particle explosions were 
visible. Prior to pressure treatment, the coffee powder had a 
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skeletal density of 1.00 g/cc and an internal void volume of 
approximately 32%. After the present treatment, the coffee 
powder had a skeletal density of 1.25 g/cc and an internal 
void volume of approximately 15%. Internal void volumes 
were calculated using the method described above. The use 
of an equal weight of treated (i.e., containing pressurized 
gas) coffee powder in place of the untreated coffee in an 
instant cappuccino mix, using a weight ratio of approxi 
mately one part coffee, two parts Sugar, and three parts 
foaming creamer, produced approximately 30% greater 
froth height when 11 g of the cappuccino mix was recon 
stituted with 130 ml of 88 C. water in a 250 ml beaker 
having 65 mm internal diameter. 
0.046 Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each powder. It was estimated that the untreated 
coffee powder released only about 2.5 cc gas per gram of 
coffee while the treated coffee powder released about 7.5 cc 
gas per gram of coffee. However, evaluation of the same 
treated coffee powder in the same cappuccino mix two days 
later revealed the foaming capacity of the treated powder 
had diminished to an intermediate level. 

0047 The pressure treatment significantly reduced the 
internal void volume of the coffee powder, indicating that a 
large proportion of Voids were apparently opened to the 
atmosphere by the forces exerted by pressurization and/or 
depressurization. It appears that Some pressurized gas forced 
into internal Voids was temporarily retained, as could occur 
if the pressurized gas was forced into Voids having relatively 
large Volumes through very Small openings that prevented 
rapid release of pressurized gas to the atmosphere after 
depressurization of the pressure vessel. The temporary 
increase in foaming capacity provided by Soluble coffee 
powders pressurized at temperatures below their glass tran 
Sition temperature can Still provide Significant utility if the 
coffee powder is reconstituted before all of the pressurized 
gas escapes to the atmosphere. 

EXAMPLE 3 

0.048. The following table summarizes the results 
obtained when additional 5 g Samples of the Spray-dried 
soluble coffee powder of Example 1 were treated at the 
conditions listed according to the method of Example 1 
when an equal weight of each treated coffee powder was 
substituted for the untreated coffee powder in the instant 
cappuccino mix of Example 1. This example demonstrates 
the combined effects of treatment time, temperature, and 
preSSure on the relative foaming capacity of the coffee 
powder in the reconstituted cappuccino mix. 

Approx- %. Increase in 
imate Cappuccino 

Temper- Initial Maximum Froth Height 
Time ature Pressure Pressure (in 250 ml 

(minutes) ( C.) (psi) (psi) Gas beaker) 

5 25 1OOO 1OOO N, 3O 
150 60 6OO 700 CO, 3O 
90 60 1OOO 1150 N 40 
2O 105 1OOO 13OO N 50 
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-continued 

Approx- %. Increase in 
imate Cappuccino 

Temper- Initial Maximum Froth Height 
Time ature Pressure Pressure (in 250 ml 

(minutes) ( C.) (psi) (psi) Gas beaker) 

150 60 1OOO 1150 N 60 
150 70 1OOO 12OO N, 70 
12O 8O 500 6OO N 8O 
60 1OO 1OOO 13OO N 90 
60 90 1OOO 1250 N 90 
12O 1OO 1OOO 13OO N 90 
150 8O 1OOO 12OO N 90 

EXAMPLE 4 

0049 6 g of spray-dried soluble coffee powder having a 
glass transition temperature of 53 C. was placed in a 75 cc 
preSSure vessel and pressurized with 1000 psi nitrogen gas. 
The pressure vessel was placed in an oven at 100° C. for 40 
minutes. The preSSure vessel was removed from the oven 
and cooled to room temperate under a stream of cold tap 
water. Subsequently, the cooled pressure vessel was opened 
to release pressure. The resulting powder was darker than 
the original Spray-dried Soluble coffee powder. 
0050. During the first few minutes after the removal of 
the powder from the preSSure vessel, a Small fraction of the 
coffee particles exploded with a loud cracking sound and 
were propelled out of the weighing dish in which they were 
placed. Prior to pressure treatment, the coffee powder had a 
bulk density of 0.21 g/cc, a tap density of 0.28 g/cc, a 
skeletal density of 1.03 g/cc and an internal void volume of 
approximately 29%. After the present treatment, the coffee 
powder had a bulk density of 0.25 g/cc, a tap density of 0.35 
g/cc, a skeletal density of 1.28 g/cc and an internal Void 
volume of approximately 12%. 
0051 Internal void volumes were calculated relative to 
the 1.45 g/cc true density measured for this soluble coffee 
via helium pycnometry analysis of the powder after grinding 
with mortar and pestle to remove or expose all voids to the 
atmosphere. The use of an equal weight of treated (i.e., 
containing pressurized gas) coffee powder in place of the 
untreated coffee in an instant cappuccino mix, using a 
weight ratio of approximately one part coffee, two parts 
Sugar, and three parts optimized foaming creamer, produced 
approximately 70% greater froth height when 12 g of the 
cappuccino mix was reconstituted with 130 ml of 88 C. 
water in a 250 ml beaker having 65 mm internal diameter. 
The optimized foaming creamer used in this example had 
greater internal Void volume containing atmospheric pres 
Sure gas and produced approximately 50% greater froth 
height than the foaming creamer used in Examples 1-3 when 
mixed with the same untreated coffee powder and Sugar in 
the Same proportions and reconstituted in water under the 
Same conditions. Only the cappuccino mix containing the 
treated coffee powder made a cracking Sound when recon 
Stituted. 

0052 The instant cappuccino beverages prepared using 
untreated or treated coffee powder had excellent flavor. 
However, release of a greater Volume of gas from the treated 
coffee powder on contact with water decreased particle 
wetability, which impaired dispersability and dissolution of 
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the treated powder relative to the untreated powder. The 
cappuccino mix containing the untreated coffee powder 
dispersed and dissolved essentially instantaneously (within 
five seconds) after addition of water, without the need for 
Stirring. In contrast, the cappuccino mix containing the 
treated coffee powder did not disperse and dissolve instan 
taneously upon addition of water, as evidenced by the 
presence of undissolved unwetted powder covering a large 
portion of the beaker bottom and wall. In the absence of 
Stirring, it took about 30 Seconds for the cappuccino mix 
containing the treated coffee powder to completely dissolve. 
However, this impairment in powder dispersability and 
dissolution was Suitably remedied by Stirring the reconsti 
tuted mix containing the treated coffee powder to expedite 
dispersion and dissolution. The type and extent of impaired 
coffee powder dispersability and dissolution, caused by 
release of entrapped pressurized gas, demonstrated in this 
example are typical of foaming Soluble coffee powders 
containing entrapped pressurized gas prepared according to 
this invention. 

0.053 Reconstitution of 1.0 g of treated coffee powder 
with 50 ml of 88 C. water in a 100 ml beaker having 46 mm 
internal diameter produced a dark approximately 30 mm 
high instant espreSSO beverage with desirable light-brown 
froth that covered the beverage surface to a height of 10 mm. 
Reconstitution of 1.0 g of untreated coffee powder under the 
Same conditions produced a light coffee beverage without a 
continuous covering of froth. Only the treated coffee powder 
made a cracking sound when reconstituted. 
0.054 The instant espresso beverages prepared using 
untreated or treated coffee powder had excellent flavor. 
However, the instant espreSSO beverage prepared using the 
treated coffee powder beneficially had slightly darker color 
and Stronger coffee flavor than the beverage prepared using 
the untreated coffee powder. The untreated coffee powder 
dispersed and dissolved essentially instantaneously upon 
addition of water to provide the instant espreSSO beverage. 
However, the instant espreSSO beverage prepared using the 
treated coffee powder contained a Small amount of undis 
persed undissolved powder in the froth that took about ten 
Seconds to completely dissolve in the absence of Stirring. 
This type of impairment, caused by release of entrapped 
preSSurized gas, demonstrated in this example is typical of 
foaming Soluble coffee powders containing entrapped pres 
Surized gas prepared according to this invention. 
0.055 Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each powder. It was estimated that the untreated 
coffee powder released only about 2.5 cc gas per gram of 
coffee while the treated coffee powder released about 16.5 cc 
gas per gram of coffee. Evaluation of the same treated coffee 
powder in the same cappuccino mix Several weeks later 
revealed the enhanced foaming capacity of the treated 
powder did not significantly diminish with the passage of 
time. 

EXAMPLE 5 

0056 An additional 2 g sample of the untreated spray 
dried soluble coffee powder of Example 4 was mixed with 
10 g of Sugar. The mix was reconstituted with 240 ml of cold 
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skim milk in a 400 ml beaker having 72 mm internal 
diameter to produce a cold cappuccino beverage at a height 
of approximately 65 mm that was completely covered by 
froth at a height of about 4 mm. The untreated powder was 
replaced with an equal weight of another Sample of the 
treated coffee powder of Example 4. Reconstituting the mix 
in the same manner produced a beverage at a height of 
approximately 65 mm that was completely covered by froth 
at a height of about 10 mm. The froth produced by the 
treated and untreated powders had creamy texture and Small 
bubble Size typical of a cappuccino drink, but only the mix 
containing the treated powder produced a cracking Sound 
when reconstituted. A continuous covering of froth was not 
produced in the cold cappuccino beverage without addition 
of treated or untreated powder. All cappuccino beverages 
had excellent flavor. 

EXAMPLE 6 

0057 6 g of spray-dried soluble espresso coffee powder 
manufactured according to the teachings of U.S. Pat. No. 
5,882,717 having a glass transition temperature of 74 C. 
was placed in a 75 cc preSSure vessel and pressurized with 
1000 psi nitrogen gas. The pressure vessel was placed in an 
oven at 100° C. for 30 minutes. The pressure vessel was 
removed from the oven and cooled to room temperate under 
a stream of cold tap water. Subsequently, the cooled pressure 
vessel was opened to release pressure. The resulting powder 
was darker than the original Spray-dried Soluble coffee 
powder. 

0058. During the first few minutes after the removal of 
the powder from the preSSure vessel, a Small fraction of the 
coffee particles exploded with a loud cracking Sound and 
were propelled out of the weighing dish in which they were 
placed. Prior to pressure treatment, the coffee powder had a 
bulk density of 0.19 g/cc, a tap density of 0.22 g/cc, a 
skeletal density of 0.72 g/cc and an internal void volume of 
approximately 51%. After the present treatment, the coffee 
powder had a bulk density of 0.32 g/cc, a tap density of 0.40 
g/cc, a skeletal density of 1.27 g/cc and an internal Void 
volume of approximately 14%. 

0059 Internal void volumes were calculated relative to 
the 1.47 g/cc true density measured for this soluble coffee 
via helium pycnometry analysis of the powder after grinding 
with mortar and pestle to remove or expose all voids to the 
atmosphere. The use of an equal weight of treated (i.e., 
containing pressurized gas) coffee powder in place of the 
untreated coffee in an instant cappuccino mix, using a 
weight ratio of approximately one part coffee, two parts 
Sugar, and three parts optimized foaming creamer of 
Example 4, produced approximately 45% greater froth 
height when 11 g of the cappuccino mix was reconstituted 
with 130 ml of 88° C. water in a 250 ml beaker having 65 
mm internal diameter. Only the cappuccino mix containing 
the treated coffee powder made a cracking Sound when 
reconstituted. 

0060 Reconstitution of 1.0 g of treated coffee powder 
with 50 ml of 88 C. water in a 100 ml beaker having 46 mm 
internal diameter produced a dark approximately 30 mm 
high instant espreSSO beverage with desirable light-brown 
froth that covered the beverage surface to a height of 13 mm. 
Reconstitution of 1.0 g of untreated coffee powder under the 
Same conditions produced a lighter coffee beverage with a 
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much thinner layer of froth that covered the beverage 
surface to a height of less than 4 mm. Only the treated coffee 
powder made a cracking Sound when reconstituted. 

0061 Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each powder. It was estimated that the untreated 
coffee powder released only about 2.5 cc gas per gram of 
coffee while the treated coffee powder released about 11.5cc 
gas per gram of coffee. 

EXAMPLE 7 

0.062 6 g of granular soluble coffee powder, produced by 
extruding a gas-injected coffee melt and comminuting the 
cooled melt, having a glass transition temperature of 73 C. 
was placed in a 75 cc pressure vessel and pressurized with 
1000 psi nitrogen gas. The pressure vessel was placed in an 
oven at 100° C. for 30 minutes. The pressure vessel was 
removed from the Oven and cooled to room temperate under 
a stream of cold tap water. Subsequently, the cooled pressure 
vessel was opened to release preSSure. The resulting coffee 
was darker than the original granular extruded Soluble 
coffee. Surprisingly, the treated coffee was no longer granu 
lar, but had a Smaller particle Size and general appearance 
similar to spray dried coffee powder. It is believed that the 
force of pressurization/depressurization caused the granules 
to be reduced to a Smaller size. 

0.063. During the first few minutes after the removal of 
the coffee from the pressure vessel, a Small fraction of the 
coffee particles exploded with a loud cracking Sound and 
were propelled out of the weighing dish in which they were 
placed. Prior to preSSure treatment, the granular coffee 
powder had a bulk density of 0.19 g/cc, a tap density of 0.21 
g/cc, a skeletal density of 0.70 g/cc and an internal Void 
Volume of approximately 52%. After the present treatment, 
the coffee powder had a bulk density of 0.34 g/cc, a tap 
density of 0.43 g/cc, a skeletal density of 1.27 g/cc and an 
internal void volume of approximately 14%. 

0.064 Internal void volumes were calculated relative to 
the 1.47 g/cc true density measured for this soluble coffee 
via helium pycnometry analysis of the powder obtained after 
grinding with mortar and pestle to remove or expose all 
Voids to the atmosphere. The use of an equal weight of 
treated (i.e., containing pressurized gas) coffee powder in 
place of the untreated coffee in an instant cappuccino mix, 
using a weight ratio of approximately one part coffee, two 
parts Sugar, and three parts optimized foaming creamer of 
Example 4, produced approximately 60% greater froth 
height when 11 g of the cappuccino mix was reconstituted 
with 130 ml of 88° C. water in a 250 ml beaker having 65 
mm internal diameter. Only the cappuccino mix containing 
the treated coffee powder made a cracking Sound when 
reconstituted. 

0065 Reconstitution of 1.0 g of treated coffee powder 
with 50 ml of 88 C. water in a 100 ml beaker having 46 mm 
internal diameter produced a dark approximately 30 mm 
high instant espreSSO beverage with desirable light-brown 
froth that covered the beverage Surface to a height of 12 mm. 
Reconstitution of 1.0 g of untreated granular coffee powder 
under the same conditions produced a light coffee beverage 
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without a continuous covering of froth. Only the treated 
coffee powder made a cracking Sound when reconstituted. 
0066. Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each coffee. It was estimated that the untreated 
granular coffee powder released only about 2.5 cc gas per 
gram of coffee while the treated coffee powder released 
about 14 cc gas per gram of coffee. 

EXAMPLE 8 

0067 100 g of granular freeze-dried soluble coffee pow 
der having a glass transition temperature of approximately 
60° C. was placed in a two-liter pressure vessel (stainless 
Steel reaction cylinder manufactured by Parr Corporation) 
and preSSurized with 870 psi nitrogen gas. The coffee inside 
the pressure vessel was Stirred at 90 rpm using an internal 
anchor Stirrer while the vessel was heated using an external 
heater jacket. The temperature of the coffee powder was 
increased to 90° C. (internal temperature) and held at this 
temperature for 15 minutes with continued Stirring. The 
preSSure inside the vessel increased to approximately 1060 
psi as a result of external heating. Cooling was applied using 
circulation of cold water through an external jacket and the 
temperature of the Stirred coffee powder was reduced to 
room temperature. Subsequently, the cooled pressure vessel 
was vented to release pressure and then opened. The result 
ing granular coffee powder was darker than the original 
granular freeze-dried Soluble coffee powder. 
0068. During the first few minutes after the removal of 
the coffee from the pressure vessel, a Small fraction of the 
coffee granules exploded with a loud cracking Sound. Prior 
to preSSure treatment, the coffee granules had a bulk density 
of 0.24 g/cc, a tap density of 0.27 g/cc, a skeletal density of 
1.48 g/cc and an internal Void volume of approximately 1%. 
After the present treatment, the coffee granules had a bulk 
density of 0.63 g/cc, a tap density of 0.72 g/cc, a skeletal 
density of 1.33 g/cc and an internal Void Volume of approxi 
mately 11%. The internal void volume increased as a result 
of pressure treatment, presumably from closure of Some 
open particle Voids and/or from creation of Some new Voids 
between fused particles during heating. 

0069 Internal void volumes were calculated relative to 
the 1.49 g/cc true density measured for this soluble coffee 
via helium pycnometry analysis of the powder obtained after 
grinding with mortar and pestle to remove or expose all 
Voids to the atmosphere. The use of an equal weight of 
treated (i.e., containing pressurized gas) granular coffee 
powder in place of the untreated granular coffee powder in 
an instant cappuccino mix, using a weight ratio of approxi 
mately one part coffee, two parts Sugar, and three parts 
optimized foaming creamer, produced approximately 55% 
greater froth height when 11 g of the cappuccino mix was 
reconstituted with 130 ml of 88 C. water in a 250 ml beaker 
having approximately 70 mm internal diameter. Only the 
cappuccino mix containing the treated granular coffee pow 
der made a cracking Sound when reconstituted. 
0070 Reconstitution of 1.0 g of treated granular coffee 
powder with 50 ml of 88 C. water in a 100 ml beaker having 
approximately 50 mm internal diameter produced a dark 
approximately 25 mm high instant espreSSo beverage with 
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desirable light-brown froth that covered the beverage Sur 
face to a height of 6 mm. Reconstitution of 1.0 g of untreated 
granular coffee powder under the same conditions produced 
a light coffee beverage without a continuous covering of 
froth. Only the treated granular coffee powder made a 
cracking Sound when reconstituted. 
0071. Knowledge of the reconstituted cappuccino mix 
froth density and incremental froth volume contributed by 
the treated and untreated coffees was used to estimate the 
amount (corrected to room temperature and pressure) of gas 
released by each granular coffee powder. It was estimated 
that the untreated granular coffee powder released only 
about 2.5 cc gas per gram of coffee while the treated granular 
coffee powder released about 10 cc gas per gram of coffee. 
0.072 Although the invention has been described in con 
siderable detail with respect to preferred embodiments, it 
will be apparent that the invention is capable of numerous 
modifications and variations, apparent to those skilled in the 
art, without departing from the Spirit and Scope of the 
invention. 

What is claimed is: 
1. An instant dry beverage composition, Said composition 

comprising a Soluble coffee having internal Voids filled with 
preSSurized gas. 

2. The instant dry beverage of claim 1, wherein Said 
soluble coffee releases expansive bubbles when reconsti 
tuted in liquid to produce Surface forming froth. 

3. The instant dry beverage of claim 1, wherein said 
soluble coffee has a bulk density in the range of 0.1 to 0.7 
g/cc. 

4. The instant dry beverage of claim 3, wherein said 
soluble coffee has a skeletal density in the range of 0.3 to 1.4 
g/cc. 

5. The instant dry beverage of claim 4, wherein said 
Soluble coffee has an internal Void volume in the range of 
5% to 80%. 

6. The instant dry beverage of claim 1, wherein said 
soluble coffee has a skeletal density in the range of 0.3 to 1.4 
g/cc. 

7. The instant dry beverage of claim 1, wherein said 
Soluble coffee has an internal Void volume in the range of 
5% to 80%. 

8. The instant dry beverage of claim 7, wherein the 
skeletal density is in the range of 0.5 to 1.3 g/cc. 

9. The instant dry beverage of claim 7, wherein the 
internal void volume is in the range of 10% to 65%. 

10. The instant dry beverage of claim 1, wherein said 
Soluble coffee releases at least about 3 cc Volume of gas per 
gram of Soluble coffee when reconstituted in liquid. 

11. The instant dry beverage of claim 1, wherein said 
Soluble coffee releases at least about 5 cc Volume of gas per 
gram of Soluble coffee when reconstituted in liquid. 

12. The instant dry beverage of claim 1, wherein said 
soluble coffee produces at least about 4 cc volume of froth 
when reconstituted in liquid. 

13. The instant dry beverage of claim 1, wherein said 
soluble coffee produces at least about 6 cc volume of froth 
when reconstituted in liquid. 

14. The instant dry beverage of claim 1, wherein pres 
Surized gas is at least at 20 psi. 

15. The instant dry beverage of claim 1, wherein pres 
surized gas is in the range of 20 psi to 3000 psi. 
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16. The instant dry beverage of claim 1, wherein pres 
surized gas is in the range of 100 psi to 2000 psi. 

17. The instant dry beverage of claim 1, wherein pres 
surized gas is in the range of 300 psi to 1500 psi. 

18. The instant dry beverage of claim 1, wherein said 
soluble coffee has a tap density in the range of 0.1 to 0.7 
g/cc. 

19. The instant dry beverage of claim 1, wherein said 
soluble coffee has a tap density in the range of 0.2 to 0.6 
g/cc. 

20. The instant dry beverage of claim 1, wherein the 
Soluble coffee is Selected from the group consisting of 
Spray-dried, gas-injected Spray-dried, gas-injected extruded, 
and freeze-dried coffee. 

21. A method of preparing an instant beverage composi 
tion, Said method comprising: 

(a) heating dried Soluble coffee under Sufficient pressure, 
thereby forcing gas into internal Voids of the dried 
Soluble coffee; 

(b) cooling the heated dried soluble coffee; and 
(c) depressurizing the cooled coffee, wherein the depres 

surized cooled coffee has voids filled with pressurized 
gaS. 

22. The method of claim 21, wherein (b) said cooling is 
conducted while maintaining Substantially the same preSSure 
at which Said heating occurs. 

23. The method of claim 21, wherein said (b) cooling 
cools the dried Soluble coffee to around room temperature. 

24. The method of claim 21, wherein (a) said heating 
produces a Softened gas-permeable Structure. 

25. The method of claim 21, wherein (a) said heating is 
conducted at a temperature at or above a glass temperature 
of the soluble coffee when in a dry state. 

26. The method of claim 21, wherein (a) said heating is 
conducted in the range of 20° C. to 150° C. 

27. The method of claim 21, wherein (a) said heating is 
conducted in the range of 40 C. to 130 C. 

28. The method of claim 21, wherein the pressure is in the 
range of 20 to 3000 psi. 

29. The method of claim 21, wherein the pressure is in the 
range of 100 to 2000 psi. 

30. The method of claim 21, wherein the pressure is 
provided by pressurized nitrogen gas. 

31. The method of claim 21, further comprising (d) drying 
a liquid coffee extract to form the dried coffee powder for 
use in Said (a) heating. 

32. The method of claim.3.1, wherein said (d) drying the 
liquid coffee extract comprises injecting gas into the liquid 
thereby gasifying the liquid coffee prior to drying. 

33. The method of claim 31, wherein said (d) drying the 
liquid coffee comprises drying the liquid coffee which has 
not been Subject to gasification. 

34. The method of claim 21, wherein the depressurized 
cooled coffee has internal voids filled with pressurized gas 
at least at 20 psi. 

35. The method of claim 21, wherein the depressurized 
cooled coffee has internal voids filled with pressurized gas 
in the range of 20 psi to 3000 psi. 
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36. The method of claim 21, wherein the depressurized 
cooled coffee has internal voids filled with pressurized gas 
in the range of 100 psi to 2000 psi. 

37. The method of claim 21, wherein the depressurized 
cooled coffee has internal voids filled with pressurized gas 
at least at 100 psi. 

38. The method of claim 21, wherein the depressurized 
cooled coffee has a bulk density in the range of 0.1 to 0.7 
g/cc. 

39. The method of claim 21, wherein the depressurized 
cooled coffee has a tap density in the range of 0.1 to 0.7 g/cc. 

40. The method of claim 21, wherein the depressurized 
cooled coffee has a tap density in the range of 0.2 to 0.6 g/cc. 

41. The method of claim 21, wherein the depressurized 
cooled coffee has an Skeletal density in the range of 0.3 to 
1.4 g/cc. 

42. The method of claim 21, wherein the depressurized 
cooled coffee has an Skeletal density in the range of 0.5 to 
13 

43. The method of claim 21, wherein the depressurized 
cooled coffee has an internal void volume in the range of 5% 
to 80%. 

44. The method of claim 21, wherein the depressurized 
cooled coffee has an internal Void volume in the range of 
10% to 65%. 
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45. The method of claim 21, wherein said (a) heating 
dried coffee comprises heating the dried Soluble coffee to a 
temperature in the range of 60° C. to 110° C. 

46. The method of claim 21, wherein said (a) heating 
dried Soluble coffee under Sufficient pressure comprising 
processing at a pressure in the range of 500 psi to 1500 psi. 

47. The method of claim 21, wherein said (a) heating 
dried coffee soluble comprises heating the coffee for 10 to 
150 minutes at a temperature in the range of 60° C. to 110 
C. 

48. The method of claim 21, wherein said (a) dried soluble 
coffee comprises heating the dried coffee in the range of 60 
C. to 110° C. while the coffee pressure is in the range of 500 
psi to 1500 psi. 

49. The method of claim 21, wherein the dried soluble 
coffee is Selected from the group consisting of Spray-dried, 
gas-injected Spray-dried, gas-injected extruded, and freeze 
dried coffee. 

50. The method of claim 21, wherein the dried soluble 
coffee is Selected from the group consisting of powdered 
coffee product and granular coffee product. 

k k k k k 


